Small aminothiol compounds improve the function of Arg to Cys variant proteins: effect on the human cystathionine β-synthase p.R336C.
The key regulatory point of L-methionine (Met) and L-homocysteine (Hcy) degradation is catalyzed by cystathionine beta-synthase (CBS). CBS deficiency is caused by mutations in CBS gene, often resulting in protein misfolding. The prevalence of CBS deficiency in Qatar is 1/1800, ∼200-fold higher than the worldwide prevalence of 1/344 000. Almost all patients bear the CBS p.R336C variant. More than 20 years ago, it was shown in vitro that two unrelated protein variants with a substitution of an arginine (Arg) residue by cysteine (Cys) could be rescued by cysteamine (mercaptoethylamine), likely via formation of a disulfide between Cys and cysteamine, functionally mimicking the wild-type (WT) Arg side-chain. Based on these findings, we aimed to study whether cysteamine was able to improve the function of p.R336C CBS variant. Additionally, we tested the effect of mercaptoethylguanidine (MEG), a compound with a guanidino and a thiol function that may resemble Arg structure better than cysteamine. Three purified recombinant CBS proteins (p.R336C, p.R336H and WT) were pre-incubated with cysteamine, MEG or Cys (as negative control), and CBS activity and stability were measured. Pre-incubation with cysteamine and MEG increased the enzymatic activity of the p.R336C protein, which was absent upon pre-incubation with Cys. The WT and the p.R336H variant enzyme activity presented no increase with any of the tested compounds. Our results show that cysteamine and MEG are able to specifically improve the function of the CBS p.R336C variant, suggesting that any Arg-to-Cys substitution accessible to these small molecules may be converted back to a moiety resembling Arg.